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[57] ABSTRACT 
A luminaire is disclosed comprising a ?uorescent plas 
tics outer sleeve having a con?guration such that a high 
proportion of the ?uorescent light generated within the 
sleeve is emitted as visible light. The sleeve includes a 
?uorescent dye, which dye is excited by a blue phos 
phor discharge. 

11 Claims, 2 Drawing Sheets 
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LIGHT SOURCES 

The present invention relates to luminaires, and in 
particular, to ?uorescent luminaires. 
A luminaire is a component which ?lters or trans 

forms light generated by a light source in order to pro 
vide light having some other form of spectral character 
istic. In the particular case of a ?uorescent luminaire, 
the source is ?uorescent light and generally white light 
is provided therefrom. 

Fluorescent lamps are available in a wide range of 
shapes and sizes and, in addition, are available with low 
or high quality colour rendering. High quality colour 
rendering lamps are used in a wide variety of applica 
tions and are especially useful when the colour tempera 
ture of the emitted light must be maintained within 
prede?ned limits. 
To achieve high quality colour rendering, ?uorescent 

lamps invariably incorporate phoshors which contain 
rare-earths. These phosphors cost many multiples of the 
cost of standard ‘halophosphate’ phosphors used in 
ordinary, i.e. lower quality colour rendering, lamps. 
Thus the cost of high quality colour rendering lamps is 
much greater than that of ordinary lamps, the higher 
cost being almost entirely attributable to the high cost 
of the rare-earth containing phosphors. 

It has previously been proposed to provide a ?uores 
cent lamp in which the phosphor material is embedded 
or dissolved within an outer plastic shell, as described in 
U.S. Pat. No. 4469980. In the lamp described in U.S. 
Pat. No. 4469980 a central discharge tube is provided to 
generate an ultra-violet discharge. The ultra-violet radi 
ation so produced is absorbed by the phosphors and 
re-radiated as visible light. As the phosphors in the lamp 
of US. Pat. No. 4469980 are excited by ultra-violet 
radiation, the plastics material in which they are sup 
ported is, of necessity, exposed to fairly high levels of 
ultra-violet radiation, which are known to degrade both 
plastics material and organic fluorescent dyes, if these 
are used to generate the visible light. A signi?cant as 
pect of the lamp described in U.S. Pat. No. 4469980 is 
the production of ultra-violet radiation of a speci?ed 
wavelength in order to reduce the photodecomposition 
of the plastics shell attributable to the ultra-violet dis 
charge. A pellet of vapourisable material is provided 
within the discharge tube which, preferably, is copper 
halide as this medium exhibits a strong and ef?cient 
output of near ultra-violet wavelengths of 327.4 and 
324.7 nanometers. 
However, such halide materials must operate at high 

temperatures, typically 600° C., because of the vapour 
pressures required to create a discharge. Furthermore, 
photodecomposition of the plastics shell and the dyes 
continues to occur as it is considered that for acceptable 
commercial applications, such as ?uorescent lamps, the 
wavelength of the emitted radiation should be greater 
than about 420 nanometers. Additionally, the high oper 
ating temperature required to create the discharge pre 
cludes the use of the plastics shell as a sleeve around a 
conventional ?uorescent tube as the plastics tube would 
then degrade or melt. Moreover, when photodecompo 
sition of the plastics shell does occur, the shell cannot be 
easily replaced as it forms an integral part of the lamp 
structure. 
The present invention seeks to provide an improved 

form of ?uorescent luminaire having high quality col 
our rendering and a high ef?ciency of light output. 
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2 
Accordingly, there is provided a luminaire compris 

ing a glass housing member containing excitation means 
for exciting a phosphor material for providing radiation 
having a wavelength greater than about 420 nanome 
ters, and a further member, at least partially surround 
ing the glass housing member, comprising a plastics 
material containing at least one ?uorescent dye for 
providing visible light when excited by the radiation 
provided by the phosphor material. 

Preferably, the radiation provided by the phosphor 
material comprises blue light and the plastics material 
contains three ?uorescent dyes for providing, respec 
tively, red, yellow, and green light. 

Advantageously, the glass housing member com 
prises a tube and the further member comprises a plas 
tics sleeve supported by the tube. 
The further member comprises an outer surface hav 

ing a plurality of concave depressions and an inner 
surface having a plurality of convex protrusions in sub 
stantial alignment with the concave depressions on the 
outer surface. 
The further member has a substantially uniform 

thickness and the concave depressions have a radius of 
curvature at least ten times the thickness of the further 
member. 
The present invention will now be described, by way 

of example only, with reference to the accompanying 
drawings in which; 
FIG. 1 shows a schematic representation of a lumi 

naire in accordance with the present invention; 
FIG. 2 is a partial schematic cross-sectional view of a 

?uorescent plastics sleeve for use in the luminaire 
source of FIG. 1; and 
FIG. 3 illustrates an optical model of the sleeve of 

FIG. 2, showing detrapping of light entering the sleeve. 
Referring to FIG. 1, a luminaire, such as a tubular 

?uorescent lamp 2, comprises a glass housing 4 coated 
on its inner surface with a phosphor material 6. The 
glass housing 4 de?nes a cavity 8 which contains a gas 
such as mercury vapour (not shown) which can support 
a discharge when excited by an electrode 10 coupled to 
a suitable voltage source. The discharge, in the embodi 
ment shown, causes the emission of ultra-violet radia 
tion. The phosphor material 6 absorbs the ultra-violet 
radiation and is arranged to emit radiation having a 
wavelength greater than 420 nanometers, for reasons 
which will be evident from the description below. 
Arranged to at least partially surround the housing 4 

is a sleeve or further housing member 12 which com 
prises a plastics material containing at least one ?uores 
cent dye. In the embodiment shown the phosphor mate 
rial 6 is arranged to emit blue light and the sleeve 12 
contains three organic ?uorescent dyes for emitting, 
respectively, red, yellow and green light. The sleeve 
shown consists of a single layer structure but it should 
be realised that a laminate structure may be employed, 
each layer of the laminate having an organic dye for 
emitting a respective colour of light. The colour com 
position of the ?uorescent dyes incorporated in the 
plastics sleeve 12 has been shown to be superior to that 
of rare-earth containing phosphors. Thus, the substitu 
tion of such rare-earth phosphors by the ?uorescent 
plastics sleeve 12 enables a signi?cant reduction in the 
cost of high colour quality rendering ?uorescent lamps 
to be achieved. 
By using a blue light emitting phosphor to ‘pump’ the 

?uorescent dyes of the plastics sleeve 12, the sleeve is 
not exposed to ultra-violet radiation from within the 
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lamp 2 and hence, photodecomposition of both the 
plastics material and the ?uorescent dyes incorporated 
therein is minimised. Furthermore, ?urorescent plastics, 
particularly those emitting light at the long wavelength 
end of the visible spectrum, are not ef?ciently excited 
by ultra-violet light emitted by mercury vapour dis 
charges, such as is generated with the housing 4. The 
use of blue light to ‘pump’ the ?uorescent plastics mate 
rial increases, therefore, the efficiency of the luminaire. 
Additionally, the ?uorescent plastics sleeve 12 is not 
exposed to the vacuum within the housing 4 and hence, 
the ?uorescent plastic does not release chemical species 
over a long period of time which can cause contamina 
tion of the interior of the luminaire, which can give rise 
to a dramatic decrease in luminaire efficiency and ulti 
mately cause the luminaire to become inoperative. 
With ?uorescent plastics, up to 80% of the light pro 

duced by the ?uorescent plastic will normally be 
trapped within it by total internal re?ection unless steps 
are taken to release it. Light trapping may be prevented 
by grinding the ?uorescent plastic into a ?ne (e.g. few 
mm) powder—a form similar to that of the powder 
phosphors normally incorporated in ?uorescent lamps, 
although grinding the ?uorescent plastic will be very 
dif?cult due to the ductile nature of the material and is 
likely to be a prohibitively expensive process. Alterna 
tively, scattering centres could be incorporated into the 
?uorescent plastic. While this approach would work, its 
efficiency would not be good since 50% of the light 
would be scattered back into the lamp where a signi? 
cant proportion would be absorbed. 

In the present invention the plastics sleeve 12 is suit 
ably textured on its inner and outer surfaces 14, 16 so 
that all of the light trapped within the ?uorescent plas 
tic can ‘escape’ in the required direction, as can be seen 
from FIGS. 2 and 3. 
The sleeve 12 comprises on its outer surface 16 a 

large number of concave depressions 18 which are in 
substantial alignment with convex protrusions 20 pro 
vided on the inner surface 14. 

Optical modelling of this design, shown in FIG. 3, 
indicates that all light trapped within the ?uorescent 
plastic emerges from the tips of the features incorpo 
rated in the sleeve and propagates in the required direc 
tion (i.e. away from the light source), only that light 
which is not trapped and is initially emitted in the direc 
tion of the glass tube (ca. 10% of the total light emitted) 
is not re-directed away from the source. 
The design utilises the light guiding properties of 

?uorescent plastic to direct trapped light to abrupt 
changes in the orientation of the surface of the sleeve 
12. Trapped light impinges upon such surfaces at angles 
incompatible with total internal re?ection so that the 
light escapes from the sleeve. It can be arranged that 
these surfaces are all oriented in such a way that the 
light is emitted away from the light source. Provided 
that the radius of curvature (r) of each feature is rela 
tively large compared with the thickness (t) of the 
sleeve (e.g. r=10t) then trapped light should not ‘leak’ 
out of the sleeve until the abrupt change in surface 
orientation is encountered. Thus the 80% of the light 
generated within the ?uorescent plastic sleeve which is 
trapped therewithin will be directed in the required 
direction. In addition, half of the light not trapped (i.e. 
10% of the light generated) will also escape in the re 
quired direction making a total of 90%. The remaining 
10% will be directed back towards the lamp where it 
will be reflected by the glass and phosphor comprising 
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4 
the wall of the lamp. A proportion of this (approx half 
i.e. 5% of the light generated) will re-enter the sleeve 
where it too could be emitted in the required direction 
making the amount of light emerging from the sleeve in 
the required direction ca. 95% of the total light gener 
ated within the sleeve. 
Depending upon the exact nature of the texturing 

‘required the tube could be fabricated in a variety of 
ways including extrusion, pressing or vacuum forming 
of sheet material followed by rolling into a tube or by 
injection moulding. 
The lamp 2 may be manufactured by producing a 

standard size (e.g. 1800 mm long><26 mm diameter) 
glass-based high colour rendering ?uorescent lamp in 
the conventional way except that the mixture of blue 
green- and red emitting phosphors normally coated 
onto the inside of the tube is replaced by a single (cheap) 
blue-emitting phosphor (e.g. srzPgO-yzsn). A suitably 
designed ?uorescent plastic sleeve containing green-, 
yellow- and dark red-emitting ?uorescent dyes is placed 
over the glass tube, the sleeve having a surface texture 
as shown in FIG. 2. 
When the lamp is connected to a suitable electrical ‘ 

supply, UV light is generated which will stimulate the 
emission of blue light from the phosphor lining 6 of the 
tube 4. Some of the blue light escaping from the tube 4 
will pass unchanged through the ?uorescent plastic 
sleeve 12, the remainder will be absorbed and re-emitted 
at the characteristic wavelengths of the various green-, 
yellow- and dark red-emitting ?uorescent dyes con 
tained within the sleeve. Blue, green, yellow, and dark 
red light will thus emerge from the sleeve which will 
combine to give white light. Clearly other emission 
colours could be achieved by simply altering the com 
position of the ?uorescent plastic sleeve. 

Therefore, the present invention exploits existing 
?uorescent lamp technology and the cost advantages of 
?uorescent plastic by sleeving a glass~based ?uorescent 
luminaire source containing a cheap blue emitting phos 
phor, with ?uorescent plastic. The ?uorescent plastic 
sleeve will be suitably textured so that all light trapped 
within the ?uorescent plastic escapes in the required 
direction. 
The above concept overcomes the problems outlined 

earlier in the following ways. _ 
1. Blue light will efficiently excite ?uorescent plastic 
without causing damage to it. Thus the use of a phos 
phor which absorbs UV light from the mercury dis 
charge and re-emits it as blue light will provide an effec 
tive source of excitation for the ?uorescent plastic. In 
addition, the absorption of UV light by the phosphor 
will prevent it from damaging the ?uorescent plastic, 
and should any UV light not be absorbed by the phos 
phor it will be prevented from reaching the ?uorescent 
plastic by the glass forming the walls of the lamp enve 
lope. 
2. By placing the ?uorescent sleeve outside the evacu 
ated region of the lamp envelope no chemical species 
released by the ?uorescent plastic will contaminate the 
interior of the lamp. 
3. Light extraction is achieved by appropriate texturing 
of the sleeve rather than the incorporation of scattering 
centres. As a result all trapped light is extracted and 
emitted in the required direction, instead of just 50% 
which would be obtained using scattering centers. 
The present invention also enables a range of lumi 

naires exhibiting different colour temperatures and hues 
but based on the same basic (i.e. blue-emitting) source 
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may be produced by simply altering the composition of 
the fluorescent plastic sleeve. This would provide the 
opportunity of simplifying stock control and of bene?t 
ing from economies of scale due to the need to manufac 
ture and store only one type of glass-based tube. 

In addition, the use of ?uorescent plastic sleeves of 
fers an alternative fabrication route for those luminaires 
whose production has been affected by legislation pre 
venting the use of particular lamp components. For 
example, red-emitting luminaires commonly incorpo 
rate a cadmium-containing ?lter on the outside of the 
glass envelope to absorb the unwanted blue and green 
emissions from the mercury vapour discharge. The use 
of cadmium has now been restricted so that an alterna 
tive fabrication route must be followed, such as the use 
of a red-emitting fluorescent plastics sleeve. 
Although the present invention has been described 

with respect to a particular embodiment, it should be 
realised that modi?cations may be effected whilst re 
maining within the scope of the invention. For example, 
the sleeve may comprise a laminate structure and need 
not necessarily surround the housing 4. The sleeve 
could, therefore, comprise a number of segments, each 
containing a respective dye to enable several colours to 
be generated simultaneously by the radiation emitted 
from the phosphor coating. Furthermore, the phosphor 
coating may be arranged to generate other colours such 
as visible violet radiation in the desired wavelength 
range. 
We claim: 
1. A luminaire comprising a glass housing tube con 

taining excitation means for exciting a phosphor mate 
rial thereby to provide radiation having a wavelength 
greater than 420 nanometers, and a sleeve member, 
arranged to at least partially surround the glass housing 
tube and which sleeve member comprises a plastics 
material containing at least one fluorescent dye for 
providing visible light when excited by the radiation 
provided by the phosphor material, said sleeve member 
arranged to be supported by said tube. 
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2. .A luminaire according to claim 1 wherein the radi 

ation provided by the phosphor material comprises blue 
light, and the plastics material contains three ?uores 
cent dyes for providing, respectively, red, yellow and 
green light. 

3. A luminaire according to claim 2 wherein the exci 
tation means comprises a gas discharge. 

4. A luminaire according to claim 2 wherein the 
sleeve member comprises an outer surface having a 
plurality of concave depressions and an inner surface 
having a plurality of convex protrusions in substantial 
alignment with the concave depression on the outer 
surface. 

5. A luminaire according to claim 4 wherein the 
sleeve member has a substantially uniform thickness and 
the concave depressions have a radius of curvature at 
least ten times the thickness of the sleeve member. 

6. A luminaire according to claim 1 wherein the exci 
tation means comprises a gas discharge. 

7. A luminaire according to claim 6 wherein the 
sleeve member comprises an outer surface having a 
plurality of concave depressions and an inner surface 
having a plurality of convex protrusions in substantial 
alignment with the concave depressions on the outer 
surface. 

8. A luminaire according to claim 7 wherein the 
sleeve member has a substantially uniform thickness and 
the concave depressions have a radius of curvature at 
least ten times the thickness of the sleeve member. 

9. A luminaire according to claim 1 wherein the exci 
tation means comprises a gas discharge. 

10. A luminaire according to claim 1 wherein the 
sleeve member comprises an outer surface having a 
plurality of concave depressions and an inner surface 
having a plurality of convex protrusions in substantial 
alignment with the concave depressions on the outer 
surface. 

11. A luminaire according to claim 10 wherein the 
sleeve member has a substantially uniform thickness and 
the concave depressions have a radius of curvature at 
least ten times the thickness of the sleeve member. 
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